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Introduction
Work-disabling spine conditions constitute one of the leading causes of disability and work loss in industrialized countries [16] . Recent studies found that musculoskeletal conditions accounted for the largest proportion of cases resulting in early separation from the Navy [6, 10] . Spinerelated conditions are among the most common musculoskeletal problems reported by active-duty service members. Spine conditions deplete the military of trained, experienced personnel [4, 5, 20, 24] .
Recent advances in civilian management of spine conditions hold great promise for the military to limit disability and attrition. Numerous civilian studies have shown that coordinated, multidisciplinary care in the sub-acute stage of a spine condition (between 4 and 12 weeks) can be effective in limiting return to work delays and disability [8, 9, 11, 19, 23] . Based on the evidence from prior collaborative research, the investigators implemented the ''Backs to Work'' study at the Naval Medical Center Portsmouth, VA, USA, an inception cohort with a pilot, nested randomized controlled trial of multidisciplinary care [7, 15] . The purpose of the study was to identify selected risk factors that predicted delayed return to duty in service members with spine conditions and to assess the feasibillity of conducting a larger study aimed at evaluating the effectiveness of an inter-disicplinary intervention to reduce attrition. As part of the implementation of this study, a multi-disciplinary spine team was formed at the Departments of Orthopedics and Physical Therapy at Naval Medical Center Portsmouth. This team was composed of physicians, physical therapists, and psychologists (the Spine Team). The study found that the multi-disciplinary treatment program was effective in improving subjects' self-perception of disability with self-perception directly associated with recovery and return to work in the acute stage. The study also found that psychological factors can predict delayed recovery [7, 15] . The previous study did not examine the effect of the multi-disciplinary treatment on prolonged disability and attrition. This study seeks to build on the previous work by analyzing administratively collected health data that have the potential for demonstrating these effects.
Multidisciplinary programs for the management of spine conditions have not yet been standardized throughout the Military Health System. The goal for the Spine Team is to implement evidence-based care and return service members to active duty as soon and as safely as possible and to limit disability and reduce attrition. The unified electronic medical recordkeeping system used by the Department of Defense provides the opportunity to evaluate the difference in disability and attrition before and after the implementation of the Spine Team. The specific objective of this study is to evaluate the impact of the Spine Team on the rate of limited duty (LIMDU) and Physical Evaluation Board (PEB) assignments for service members seeking treatment for spine conditions. This study compares yearly rates of LIMDU and PEB assignments for service members with spine conditions before, during, and after the creation of the Spine Team at Naval Medical Center Portsmouth compared with the Naval Medical Center San Diego, CA, USA, where no multi-disciplinary spine care has been implemented.
This study attempts to answer the following questions: Do sites that use an integrated, multidisciplinary treatment team, as represented by the Spine Team, limit disability (expressed as LIMDU) among active-duty service members with work-disabling spine conditions? Do sites that use an integrated, multidisciplinary treatment team, as represented by the Spine Team, limit attrition (expressed as PEB) related to work-disabling spine conditions?
Materials and Methods

Study Design, Setting, and Participants
The study design is a retrospective, pre-/post-comparison with a concurrent control group. The intervention being evaluated is the Spine Team, implemented at Naval Medical Center Portsmouth in 2008. The control is the standard of care provided at the Naval Medical Center San Diego. Subjects were not randomized between the intervention and control arms, because the intervention took place in Portsmouth, VA, and the control was located at San Diego, CA. The population under study consisted of all US Navy and US Marine Corps service members aged 18 to 64 years of age seeking care for a work-disabling spine condition at Naval Medical Center Portsmouth and Naval Medical Center San Diego. Data were collected for the years 2007, 2008, and 2009 to evaluate before and after effects of the introduction of the Spine Team at Naval Medical Center Portsmouth and to compare the overall effect of the Spine Team with the currently available standard of care represented at Naval Medical Center San Diego.
Demographic Characteristics of the Study Sample
From 2007 to 2009, there were 7313 first-career LIMDU assignments made at Naval Medical Center Portsmouth and Naval Medical Center San Diego collectively. Of these, 737 cases involved spine conditions (defined as sprains and strains involving the back and all other spine injuries that did not involve the central nervous system, vertebral fractures, or the result of congenital disorders). For this article, we limit our following analyses to only the 667 limited-duty assignments made through the two clinical departments that are primarily responsible for handling spine-related issues, the Orthopedics and Neurosurgery Departments.
Women account for approximately 18% of the cases. Personnel ages 18 to 25 years represent approximately 35%, those between 26 and 35 years account for approximately 40% of the cases, and those 36 years and older account for the remaining 25%. The majority of the cases are junior enlisted personnel (E3-E6) accounting for approximately 85% of the assignments. There was a higher proportion of Marine Corps personnel with first-career LIMDU assignments at San Diego (35%) than at Portsmouth (8%; Table 1 ).
Approach to Evaluating Spine Team Effectiveness
We evaluated the effect of the Spine Team in two ways: (1) assessing the effect of the Spine Team on disability, defined for the purposes of this article as the assignment of a limited-duty status among those active-duty service members seeking care for a work-disabling spine condition; and (2) attrition, defined for the purposes of this article as the rate at which active-duty service members on a limited-duty status for a work-disabling spine condition are referred to a PEB because of their medical condition. PEBs are the administrative procedures used by the US military to consider early separation from service.
We formulated four specific, testable hypotheses, two of which related to disability and the other two relating to attrition. To assess the effect of the Spine Team on limiting disability, we posed the following two hypotheses: (1) rates of disability at Naval Medical Center Portsmouth would show a pre-/post-effect of the introduction of the Spine Team in 2008; that is to say, rates of disability would be lower in 2009 as compared with rates of disability in 2007;
(2) rates of disability at Naval Medical Center Portsmouth would show a differential decrease after the introduction of the Spine Team in 2008 as compared with Naval Medical Center San Diego. To assess the effect of the Spine Team on limiting attrition, we posed the following hypotheses: (3) rates of attrition would decrease over time at Naval Medical Center Portsmouth after the introduction of the Spine Team; and (4) rates of attrition would show a differential decrease after the introduction of the Spine Team as compared with Naval Medical Center San Diego.
Data Sources
The US military's electronic medical recordkeeping system was accessed to count the total number of individuals presenting for musculoskeletal issues at the two sites. We then identified all of those individuals who were assigned LIMDU for their index musculoskeletal disorders between 2007 and 2009. A similar electronic system, used by the US military to track disability, was used to identify those cases for which an active-duty service member on limited duty was referred to a PEB. In this way, we were able to generate annual rates. A detailed discussion of the construction of the rates used in the study can be found in Appendix 1 (Supplemental materials are available with the online version of CORR 1 .).
Statistical Analysis
We examined rates over time and between sites. We used a Cochran-Armitage Test for trend [3] to evaluate for changes in rates over time. To compare rates between sites, we calculated a relative risk and evaluated if the relative risk was different from one by an amount greater than would be expected from chance variation alone. We adjusted for the presence of potential confounders by means of direct adjustment.
Results
The Effect of the Spine Team on Disability Related to Work-disabling Spine Conditions
Study data show suggestive evidence of the effectiveness of the Spine Team in limiting disability associated with after the introduction of the Spine Team. We examined if these observations changed considering active-duty service member age and service branch membership as a potential confounding factor. Using direct adjustment, the pattern of differences between Naval Medical Center San Diego and Naval Medical Center Portsmouth and over time remained nearly the same after statistical adjustment for service branch membership (Fig. 1) . Although the Spine Team was introduced at Naval Medical Center Portsmouth in 2008, we noted that of the 34 Naval Medical Center Portsmouth service members who received first-career LIMDU assignments in 2009 and converted to a PEB, 15 did not receive care from the Spine Team before their PEB conversion, and of those 19 service members who received care from the Spine Team before their PEB conversion, seven received care only after 12 months of onset of the spine condition, three received care only after surgical intervention, and nine service members received care from the Spine Team within 9 months of onset of the spine condition. Conversely, of the 58 service members who were non-converters, 32 service members received care from the Spine Team within 3 months of onset of their spine condition problems.
Discussion
Work-disabling spine conditions are among the most common causes of disability and work loss in industrialized countries [16] . Approaches in civilian workplace settings that have coordinated, multidisciplinary care in the subacute stage of a spine condition (between 4 and 12 weeks) can limit return to work delays and disability [8, 9, 11, 19, 23] , and some analogous pilot projects in the military have evaluated these approaches in the armed forces of the United States, but that work has been preliminary in nature [7, 15] . We therefore sought to evaluate the effect of the introduction of coordinated, multidisciplinary care for workdisabling, non-traumatic, musculoskeletal conditions in the US Navy. Although this study was prompted by the US Navy's initiative to limit attrition for medical reasons, the findings of this study can useful to both military and civilian sectors because the coordinated, uniform method of delivery of care and recordkeeping in the military helps reduce the number of possible factors that may confound the findings in observational studies. We found that spine-related limitedduty rates decreased at Naval Medical Center Portsmouth after the introduction of the Spine Team but that rates of conversion to a PEB varied from year to year and did not statistically differ between the two sites.
There are three important study limitations that may influence the conclusion that the Spine Team was responsible for the lowering LIMDU rates at Naval Medical Center Portsmouth. First, this is an observational, nonrandomized intervention study. The use of Naval Medical Center San Diego as a concurrent control helps strengthen the inference that the coordinated care was responsible for the decrease in limited-duty rates, but because of the observational nature of the study, the reader cannot conclude that the intervention was solely responsible for the observed effect. The second limitation is that there were proportionately more US Marines followed at San Diego as compared with Portsmouth, and because US Marines are exposed to different kinds of physical risks than sailors, the possibility for confounding exists when comparing rates. We found that adjusted limited-duty rates were indeed lower at Portsmouth as compared with San Diego after the introduction of the Spine Team. The third limitation is the absence of a specific code identifying that sailors at Portsmouth were under the care of the Spine Team. This introduces the possibility of misclassification bias. There are two possible interpretations for the reader if misclassification in this study is present. If all US Sailors and Marines at Portsmouth were indeed treated with the Spine Team after the introduction of the program, then the observed difference would reflect, in theory, the effect of coordinated care in reduction of limited duty. On the other hand, if none of the Sailors and Marines at Portsmouth were treated by the Spine Team, then the observed reduction in limited duty would have to be attributable to some other condition or variable not captured by the study.
Although we found the risk of a conversion from a limited-duty status to a PEB did not differ between the control and intervention sites, there are two important limitations to the study that may color this conclusion. The first limitation is that there may have been unrecorded differences in the criteria used by clinicians at San Diego and Portsmouth to assign limited duty to active-duty members and the criteria by which these cases are converted to a PEB. Such an effect could have occurred if the Spine Team used more stringent criteria for the assignment of first-career LIMDU designation. This would imply that only the most severe cases presenting for spine care would receive first-career LIMDU status, and these more severe cases are more likely to convert to PEBs. The second important limitation has to do with changes in staffing at those clinics assigning limited duty and PEBs. Because spine surgeons are those who dictate PEBs for a spine condition, changes in staffing resulting from deployments and rotation of spine surgeons through San Diego and Portsmouth may have affected the criteria by which PEBs were assigned and consequently the risk of PEB dictation.
There is evidence from studies conducted in other occupational settings that multidisciplinary care is effective in preventing disability [1, 2, 8, 9, 11-14, 17, 18, 21, 22, 25] . The findings of this study are consistent with those from the civilian sector. In light of these findings, the following is worth considering regarding the effectiveness of the Spine Team implementation: it was apparent that there was a delay in the initiation of care for spine conditions. That is to say, Spine Team coordinated care at Portsmouth was, on occasion, initiated after the active-duty service member had already received a first-career LIMDU assignment for the spine condition; suggesting the spine condition was already chronic before the Spine Team saw the patient. One other study of US Navy personnel found that coordinated multidisciplinary care resulted in improved activities of daily living scores as compared with usual care among active-duty service members with worklimiting low back pain, but that study limited its follow-up to six months post-intervention [7] . This wider, observational study was able to look at disability and attrition, expressed as LIMDU assignments and PEBs, for a minimum of 1 year after intervention for all subjects.
Numerous studies suggest the importance of early care with clear guidelines for how care should progress in instances of delayed recovery [1, 2, 8, 9, 11-14, 17, 18, 21, 22, 25] . When care is initiated in the chronic stage of back pain, poorer outcomes, including higher rates of disability (and PEB referral), are expected, regardless of whether a multidisciplinary approach is implemented. It was noted in these data that earlier contact with the Spine Team resulted in better outcomes, including lowered rates of conversion to a PEB. Gaps in patterns of care were difficult to explain. One possibility is that service members with spine conditions received follow-up conservative care from their operational medical team, which is not always reflected in the Composite Health Care System records. Another possibility is that the service members chose not to seek treatment.
To fully appreciate the impact of the Spine Team, several changes should be considered including: development of a system for triaging service members with spine conditions to the Spine Team for care early after onset of injury; use of an evidence-based algorithm to allocate treatment; use of specific coding by all members of the Spine Team to differentiate care from that of other providers; and use of a Current Procedural Terminology (CPT) code for patient education (CPT 98960) because reassurance and information have been demonstrated to be effective for spine conditions [15, 21] . This code is in use by other clinicians in the Composite Health Care System records but not consistently for spine cases; and cases that present with a premorbid psychological or psychiatric diagnosis should be identified because different outcomes may be expected.
Data for this study suggest that multi-disciplinary care such as that offered by the Spine Team may have contributed to the lowering the risk of service members being assigned to LIMDU status. Multidisciplinary care achieves its effect by addressing both physical and psychological factors associated with recovery from a spine condition. The unclear effect of the Spine Team in limiting attrition may have to do with the non-uniform introduction of multidisciplinary care during the course of the active-duty service member's condition, where the Spine Team was introduced early in some cases and in the late, chronic stage in other cases. We recommend that the timing of the introduction of multidisciplinary care in this study population be studied further. We also recommend that additional work be done to develop an algorithm where service members with spine conditions who are at risk of being placed on LIMDU, referred to a PEB, and ultimately subject to attrition be referred to the Spine Team before their condition becomes chronic. The results of this study indicate that a coordinated multidisciplinary care seems to decrease temporary and long-term disability in a military population, similar to what has been found in the civilian population.
